In this paper, we analyze the behavior of a multiproduct monopolist, a duopolist and consumers who are able to learn by copying. We show that the DRM systems implemented by the digital industry have adverse consequences, because they hinder the use of original goods and provide consumers with an incentive for copying. Finally, we show that the Cournot effect may fail, unlike previous studies.
Introduction
In recent years, major distribution companies of information goods have developed technological tools known as digital rights management (DRM) to prevent the copying of their goods. However, these tools have a negative impact on consumer usage of original information goods because they hinder their use. For instance, DRM for music can limit the use of music files downloaded from online retailers, the number of computers to which the user can transfer his or her files and the number of times a playlist can be burned on a CD-R (Duchêne and Waelbroeck [1] ). However, the latest technological developments and the Internet have enabled consumers to overcome these restrictions so that consumers are able to learn by copying, to the point where it is possible that some consumers may prefer a copy to an original because they can use the copy more easily and in more devices and even improve its quality.
Copying technology by consumers is showing increasing returns to scale as analyzed by Belleflamme and Picard [2] 1 . They show that the multiproduct monopolist has a greater incentive to set lower prices than the duopolist because decreasing the price for one good increases demand for the other good by making copying less attractive. They call this result the Cournot effect. Finally, Belleflamme and Picard [2] show that a multiproduct monopoly provides greater welfare than a duopoly in the short run but provides lower incentives to create new goods in the long run.
The theoretical literature devoted to analyze the causes and consequences of piracy is extensive and it is divided into two parts: i) when the copies are made by consumers, which refer to noncommercial copying by final consumers, and ii) when firms illegally makes copies and sells them on the market, which is known as commercial piracy 2 . In this paper, we focus on end-user copying and analyze the process of learning by copying by consumers where they are able to make better copies as they make more, to the point that they may come to value copies more highly than originals 3 . We find that when the effect of learning by copying is strong and the cost of copying is low enough, consumers decide to copy all goods, even if they are given away for free. This suggests that DRM systems implemented by the digital industry have adverse consequences because they hinder the use of original goods and encourage consumers to copy. Moreover, we show that the existence of the Cournot effect may fail, unlike previous studies. Finally, by analyzing social welfare we show that the results obtained by Belleflamme and Picard [2] are robust when we consider a more general cost function of copying.
The rest of the paper is organized as follows. Section 2 describes the model. Section 3 considers that both goods are sold by a multiproduct monopolist. Section 4 analyzes the duopoly case. Section 5 analyzes social welfare. Finally, Section 6 concludes.
The Model
There are two goods, a and b , which are independent of each other. We assume that there are two consumers who value goods differently, although each consumer values each good in the same way, as in Belleflamme and Picard [2] . < . Let c be the cost of copying a good by consumers. We represent the process of learning by copying as an increase in the valuation of the second copy made by consumers, which we call the gain of the second copy and represent by ∆ . We do not represent the process of learning by copying through the cost of copying, although our analysis is equivalent to this if we define the cost of the first copy as c and the cost of the second copy as c c ′ = − ∆ . Notice that the last cost function of copying can be decreasing, constant or increasing in the number of copies made by consumers, according to the value of the gain of the second copy, ∆ . Given that we are interested in analyzing the effect of copying by consumers, we assume that they always prefer to copy a good over not buying it, so that c c v < . Thus, the utility of consumer 1 is:
if he buys and if he buys and copies , if he copies and buys 2 2 if he copies and
where j p is the price of good , j a b = . We obtain the utility of consumer 2 in the same way, but take into account that he values the original good at o v and the copy at c v . To prevent problems with the existence of equilibrium, we assume that, when a consumer is indifferent to buying or copying a good, he decides to buy it. An interesting result is that when
, consumers decide to copy all goods, even if they are given away for free. This suggests that the DRM systems implemented by the digital industry to prevent consumers from copying goods have the adverse effect of destroying demand for original goods. Thus, we assume that 0 v c δ ≤ ∆ < + to guarantee that any consumer strategy could be optimal. By comparing the levels of utility obtained by each consumer we find the demand for goods, which is illustrated in Figure 1 .
cess of learning by copying makes goods complementary for certain prices, although they are independent in content.
Multiproduct Monopoly
Given that we have assumed that the production cost is zero, the monopolist prefers to sell a good over not selling it. Thus, those outcomes where a good is copied by all consumers are not equilibria. In this way, the monopolist will set the maximum price for each good that makes consumers indifferent between buying and copying it. Therefore, the candidate strategies for equilibrium are in Table 1 4 . As we can see in the following proposition, the optimal decision of the monopolist depends on how much consumer 2 is willing to pay for each good. Thus, when consumer 2 is willing to pay enough for each good, the monopolist sells to both consumers. Otherwise, the monopolist sells only to consumer 1. 
Duopoly
Given that in a duopoly there is multiplicity of equilibria, let us assume that firms always choose a symmetrical undominated subgame perfect equilibrium (SUSPE) in our game. Thus, SUSPE are those equilibria that provide a maximal joint profit. As can be seen in the following proposition, the equilibrium where consumer 1 buys both goods and consumer 2 copies them is SUSPE if and only if Table 1 because it is equivalent to strategy (ii). 
Welfare Analysis
Belleflamme and Picard [2007] show that from a static perspective the multiproduct monopoly provides greater welfare than the duopoly, but from a dynamic perspective the duopoly provides greater incentives to create a new good than the monopoly. In order to provide clearer, more relevant conclusions, we consider SUSPE.
Ex post efficiency
In both a monopoly and a duopoly there are two possible outcomes: firstly, where consumer 1 buys both goods and consumer 2 copies them (represented by subscript c); and secondly, where both consumers buy both goods (represented by subscript b). We define social welfare as the sum of firms' profits and consumer surplus. Thus, from the results obtained in Proposition 1 and in Proposition 2 we deduce that social welfare in a monopoly and a duopoly is We show that an entrant has higher incentives to create a new good than a monopolist, as in Belleflamme and Picard [2] .
Proposition 4 An entrant has higher incentives to create a new product than a multiproduct monopolist.
Proof: see Appendix.
Conclusions
We have developed a model that lets us analyze the behaviour of a multiproduct monopolist, a duopolist and consumers who are able to learn by copying. We have shown that the DRM systems implemented by the digital industry have adverse consequences because they hinder the use of original goods and provide consumers with an incentive for copying. Unlike Belleflamme and Picard [2] , we have shown that the existence of the Cournot effect depends on the size of the gain on the second copy and the quantity that the consumer, who least values the goods, is willing to pay for each. However, like Belleflamme and Picard [2] , we have shown that a monopoly will provide greater welfare than a duopoly in the short run but provide lower incentives to create new products in the long run. 
From the intersection of reaction functions we obtain the equilibrium, which is shown in Figure A1 . We now consider that the gain on the second copy is high enough, i.e. 
when ( ) ( ) 
